Multimode Gaussian quantum light, which includes coherent light, but also all kinds of multimode squeezed and/or multipartite quadrature entangled states, is a very general and powerful quantum resource that is now currently produced in various laboratories in the world, and is successfully used in various applications to quantum information processing [l]. In contrast to non-classical states based on the manipulation of Fock states (such as the NOON states), such quantum light can be produced with very high values of the mean photon number N (up to 10 16 ). It is therefore a very good candidate for quantum metrology purposes, i.e. to improve as much as possible the estimation of a parameter p that is encoded on the spatio-temporal variation of a light beam, as all the limits in parameter estimation scale with some inverse power of N.
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Extending the Cramer-Rao approach that we have used for displacement [2] and time delay [3] measurements, we have determined [4] the ultimate sensitivity in the estimation of any kind of parameter p when the information about this parameter is encoded in any kind of variation of a Gaussian light beam of high N value, when the detection is made through intensity and/or homodyne component measurements, but irrespective of the exact information extraction protocol used in the estimation The smallest measurable variation of p is found to be:
Pc is a scaling parameter depending on the variation of the mean field with parameter p, and (L -I )11 the diagonal matrix element of the inverse of the covariance matrix, characteristic of the Gaussian state, in a well defined mode, that we call the "detection mode". This limit depends therefore on a single parameter related to the quantum noise properties of the multimode field. It can then be reduced by squeezing a single mode, namely the detection mode.
One of the most efficient ways to produce Gaussian multimode quantum light is to mix with the help of appropriate beam-splitters several single mode squeezed and coherent beams. We have shown that, for a given set of available quantum resources, the most economical way to maximize the sensitivity of the estimation of p is to put the most squeezed state available in the detection mode. This implies that it is not possible to take advantage of the existence of squeezed fluctuations in other modes, nor of quantum correlations between different modes
We have therefore shown that it is not possible to add the noise reduction properties of different modes, and that quadrature entanglement is not a useful resource in parameter estimation.
Finally, we show that it is possible to reach the Cramer-Rao limit using a simple measurement technique, consisting of a homodyne detection scheme which mixes the multimode quantum beam, in which p is encoded, with a local oscillator beam in the detection mode. Our approach ensures that no other measurement, whatever its precise scheme, will provide a better estimator of p than the one we have just described.
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